We prove that as the viscosity and heat-conductivity coefficients tend to zero, respectively, the global solution of the Navier-Stokes equations for one-dimensional compressible heat-conducting fluids with centered rarefaction data of small strength converges to the centered rarefaction wave solution of the corresponding Euler equations uniformly away from the initial discontinuity.
Introduction and the Main Result
We study the asymptotic behavior, as the viscosity and heat-conductivity go to zero, respectively, of solutions to the Cauchy problem for the Navier-Stokes equations for a one-dimensional compressible heat-conducting fluid (in Lagran- and e denote the specific volume, the velocity, the of mass, momentum and energy.
The asymptotic behavior of viscous flows, as the viscosity vanishes, is one of the important topics in the theory of compressible flows. It is expected that a general weak entropy solution to the Euler equations should be (strong) limit of solutions to the corresponding Navier-Stokes equations with same initial data as the viscosity and heat conductivity tend to zero, respectively.
For the one-dimensional compressible isentropic Navier-Stokes equations is uniformly L ∞ bounded and v ε is uniform bounded away from zero. However, this uniform boundedness is difficult to verify in general, and the abstract analysis in [1] gets little information on the qualitative nature of the viscous solutions. In [2] Hoff and Liu investigate the inviscid limit problem for (1.4) in the case that the underlying inviscid flow is a single weak shock wave, and they show that solutions of the compressible Navier-Stokes equations with shock data exist and converge to the inviscid shocks, as viscosity vanishes, uniformly away from the shocks.
Based on [2] [3], Xin in [4] shows that the solution to the Cauchy problem for the system (1.4) with weak centered rarefaction wave data exists for all time and converges to the weak centered rarefaction wave solution of the corresponding Euler equations, as the viscosity tends to zero, uniformly away from the initial discontinuity. Moreover, for a given centered rarefaction wave to the Euler equations with finite strength, he constructs a viscous solution to the compressible Navier-Stokes system with initial data depending on the viscosity, such that the viscous solution approaches the centered rarefaction wave as the viscosity goes to zero at the rate [24] , respectively. And, in [25] , the solution of the Navier-Stokes equations for one-dimensional compressible heat-conducting fluids with centered rarefaction data of small strength had been proved exist globally in time, and moreover, as the viscosity and heat-conductivity coefficients tend to zero, the global solution converges to the centered rarefaction wave solution of the corresponding Euler equations uniformly away from the initial discontinuity.
However, in those paper, κ is generally dependent of ε , while in this paper, we will show the dissipation limit in the case that κ and ε are independent of each other.
Our aim in this paper is to study the relation between the solution 
with the initial data
with the same constant states (
with initial data We assume in this paper that the pressure p is a smooth function of its arguments satisfying
Notice that the condition (1.14) assures the system (1.13) has characteristic can be connected by 1-rarefaction waves.
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To prove Theorem 1.1 and to overcome the difficulties induced by non-isentropy of the flow, we shall adapt and modify the arguments in [25] , but we do not use the natural scaling argument, and we do not assume that
We point out here that in view of Theorem 1.1, an initial jump discontinuity at 0 x = can be allowed in (1.2). The evolution of this jump discontinuity is an [28] for details. We shall exploit this fact in the proof of Theorem 1.1.
In Section 2 we reformulate the problem and give the proof of Theorem 1.1, while Section 3 is dedicated to the derivation of a priori estimates used in Section 2.
Throughout this paper, we use the following notation: 
Reformulation and the Proof of Theorem 1.1
In this section, we will reduce the proof of Theorem 1.1 to the nonlinear time-asymptotic stability analysis of rarefaction waves for the system (1.11) under non-smooth perturbations. First, we derive some necessary estimates on the rarefaction waves of the Euler equations (1.13) based on the inviscid Burgers equation, in particularly, we construct an explicit smooth 1-rarefaction wave which well approximates a given centered 1-rarefaction wave. We start with the Riemann problem for the Burgers equation: 
V x t r v v V x t s w x t U x t u p z s z S x t s x t V x t s
and due to Lemma 2.1, the following lemma holds for 
2) For any 1 p 
Substituting the above decomposition into (1.1), (1.9) and (1.10), we obtain the system for the functions , , , ϕ ψ φ ξ : , exp 
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Uniform a Priori Estimates
In this section we derive the key a priori estimates given in Proposition 2.4. First, we introduce the normalized entropy:
, , , , , :
, ,
where we have used the fact that ( ) An easy computation implies that η satisfies the equation: 
Employing ( 
Recalling the definition of ( ) 0 , N t t and applying Lemma 2.2, for given , j R α can be estimated as follows. 
Young's inequality:
and the following inequality: The terms on the right hand side of (3.11) can be bounded as follows (see [25] Journal of Applied Mathematics and Physics
